We report that the endophytic filamentous fungus Diaporthe sp., isolated from Cinchona ledgeriana and cultivated in a synthetic liquid medium, produces Cinchona alkaloids (quinine, quinidine, cinchonidine, and cinchonine). This shows that Cinchona alkaloids are produced not only in Cinchona plant cells, but also in endophytic microbe cells.
Cinchona alkaloids such as quinine, quinidine, cinchonidine, and cinchonine, [1] [2] [3] have been regarded as secondary metabolites of Cinchona plants (Rubiaceae) since they were isolated from Cinchona bark in 1820 by Pelletier and Caventou. 4, 5) Quinine was historically used as the main treatment for malaria, and is effective against the erythrocytic stage of Plasmodium spp. parasites. 6) Endophytes are microbes associated with plants, either symbiotically or parasitically, and have recently attracted much research interest, 7, 8) although their biological role has not yet been clarified. During the course of our research into endophytes, 9) we investigated the production of Cinchona alkaloids by the endophytic fungi associated with Cinchona plant.
Cinchona ledgeriana MOENS ex TRIMEN 10) was chosen as a host plant, because it is believed to have the highest quinine content among plants in the genus Cinchona. Twenty-one types of endophytic filamentous fungi were obtained from young plant stems, collected in the Puncak area of West Java, Indonesia, by using our previously reported procedure.
9) It was found that the fungi comprised nine Phomopsis species
Schizophyllum species (CLF-P, -Q), two Penicillium species (CLF-R, -S), one Fomitopsis species (CLF-T), and one Arthrinium species (CLF-U), as shown by base sequence analysis of the internal transcribed spacer 1 (ITS1)-5.8S ribosomal DNA (rDNA)-ITS2 region. 12) Preliminary experiments have demonstrated that most of the endophytic fungi were able to produce Cinchona alkaloids. In this communication, we focus on one filamentous fungus, Diaporthe sp. (CLF-J; registered as AB505415 in DDBJ/EMBL/GeneBank).
In order to standardize the production pattern and to remove unnecessary factors in cultivation, the fungus was grown for at least 10 d on a water agar plate before inoculation. The whole of the fungus and the synthetic liquid medium [glucose (3.0 g), mannose (1.0 g), tryptic soy broth without dextrose (0.2 g) and tap water (1000 ml), initial pH 6.20, adjusted with 0.1 N HCl)] was allowed to stand at 25°C. Production of Cinchona alkaloids was observed within 1 h and the quantity gradually increased.
The whole cultivation mixture, including the fungus bodies, was passed through weakly acidic CM Sepharose resin at 15 h after inoculation. The resin was washed with water and eluted with 0.1 N HCl. The eluate was made alkaline with 0.1 N NaOH and extracted with chloroform to give an alkaloid fraction, which was purified repeatedly by HPLC on reverse-phase adsorbent [Capcell Pak C 18 , eluting with 20 mM KH 2 PO 4 (pH 2.50)-CH 3 CN] to afford quinine (30 mg/l, mean value), quinidine (5 mg/l), cinchonidine (10 mg/l), and cinchonine (12 mg/l). The isolated Cinchona alkaloids, which were gathered by repeat cultivation, were identified by comparison of their physicochemical properties ( 1 H-NMR, MS, UV, and IR) including their optical rotations with those of standard samples.
The production of Cinchona alkaloids by the endophytic fungus Diaporthe sp. was observed almost constantly through successive growth on potato dextrose agar (PDA) for several years after isolation from the host plant.
In this study, it has been found that Cinchona alkaloids are produced not only in Cinchona plant cells, but also in endophytic microbe cells that are associated with the Cinchona plant. This observation contributes not only to the understanding of the biological relationship between endophytic microbes and the host plant, but also to the development of natural product production methods.
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